Vegetation in the Great Basin has been changing over millennia in response to climate but the rate of change since European settlement in the last 150 years has been unprecedented. Beyond the changing climate, explanations for these more recent vegetation alterations are diverse and include a myriad of human influences: the introduction of livestock (cattle, sheep, and horses), homesteading, cultivation, mining, introduction of invasive species, forage seeding programs, water diversion, elevated CO 2 levels, changing fire frequencies, and recreation. These causes have had overlapping, interactive, and cumulative effects upon the landscapes of the Great Basin. This paper offers a survey of some of the most widespread historical land uses in the Great Basin since European settlement and how they may have altered natural plant communities and subsequently mammal habitats. By highlighting the nature, intensity, and extent of historical practices, this paper illustrates the need to consider a broad set of land-use legacies when defining wildlife-habitat associations at local and landscape scales. Further, it points to the need for more integrated efforts that combine historical ecology with wildlife ecology and management to address current knowledge gaps and guide effective conservation and restoration recommendations.
Human activities are a major force structuring landscapes, both past and present, with nearly all ecosystems worldwide considered human modified (Vitousek et al. 1997; Swetnam et al. 1999; . Humans have been an integral part of the Great Basin landscape for the past approximately 12,000 years (Grayson 2011) , and their use and manipulation of the land and its resources influenced what Europeans observed when they arrived (Miller and Wigand 1994; Anderson 1996; Sada and Vinyard 2002) . Despite ancient human influence, evidence suggests that millennial-scale changes in climate were the primary driver of changes in vegetation prior to European settlement (the past~150 years Grayson 2011) . However, the rate of change in land cover since European settlement is unprecedented (West 1983; , and threats to native plant communities within the Great Basin have been directly linked to human activities (Wisdom et al. 2005) . Today, the sagebrush ecosystem types within the Great Basin are among the most critically endangered habitats in all of North America (Noss et al. 1995; Wisdom et al. 2005) .
Widespread conversion of native ecosystems can have profound impacts on wildlife. This is of particular concern in the Great Basin because this region harbors a highly diverse assemblage of mammals (172 native species), many of which have tight associations with the shrubland and woodland ecosystems under threat. One recent assessment concluded that at least 13 native mammal species are already threatened by such changes (Wisdom et al. 2005) . Understanding wildlifehabitat associations is fundamental to effective conservation and management (Morrison et al. 2006 ) but assessing present conditions and habitat use alone will not be enough to evaluate resilience and extinction risk . A thorough understanding of modern-day dynamics and threats to extinction should be placed within the natural range of past environmental conditions and the context-dependent factors that have shaped mammalian communities (Davidson et al. 2007) . Because the ecological legacies of historical land uses can last for decades to millennia, the history of human disturbances must be considered when developing a robust w w w . m a m m a l o g y . o r g 1144 understanding of present day associations and meaningful future projections (Foster et al. 2003; .
Natural disturbances (e.g., fire, drought, flood, and herbivory) are a part of ecosystem dynamics (Pickett and White 1985) . In comparison to natural disturbance regimes under which ecosystems evolve, anthropogenic disturbances associated with historical land use are novel to the ecosystem (e.g., plowing) and are often outside of the magnitude, severity, and frequency of natural regimes (McIntyre and Hobbs 1999; Stylinski and Allen 1999) . Among activities that exceeded the magnitude of natural population dynamics were widespread and largely unregulated trapping, hunting, and control programs that had rapid, direct, and persistent effects on animal populations. In the Great Basin, these include historical practices such as trapping for the fur trade in the mid to late 1800s (Cline 1988) , predator-control programs using poison on public lands from the early 1900s to 1971 to protect livestock (Feldman 2007) , and poisoning of small mammals to protect crop production (Buffum 1909 ) and forage seedings (Plummer et al. 1968) . Equally important are historical land uses that resulted in long-term impacts on plant community composition and structure. Such changes in vegetation can translate into changes in habitat suitability and connectivity with both direct and indirect effects on populations and communities of mammals. For example, conversion of native plant communities to crop production introduces a new patchwork of vegetation types (Fig. 1) , which may impact the structure of animal populations and communities at local and landscape scales. This paper provides a summary of the direct and indirect effects of common historical land uses since European settlement on Great Basin upland habitats. Although a full review of the impacts of each of these land uses on mammals is beyond the scope of this paper, well-known impacts are addressed and the opportunity and need for future interdisciplinary research are discussed.
RECONSTRUCTING PRESETTLEMENT VEGETATION
Understanding postsettlement changes requires baseline data regarding conditions just prior to European settlement in the Great Basin (approximately 1850). Knowledge of historical vegetation comes from 2 main sources: cultural evidence and biological evidence (Egan and Howell 2001) . Cultural evidence includes accounts of historical conditions from sources such as journals, oral histories, photographs, maps, newspaper accounts, and management records (Egan and Howell 2001; Morris 2008a) . Biological evidence includes proxy data about historical conditions, stored in the natural environment, that are recovered through specialized techniques such as palynology (pollen analysis), dendrochronology (treering analysis), packrat middens (ancient abandoned rodent nests-see Smith et al. 2014) , or phytolith analysis (silica casts of plant cells- Egan and Howell 2001) . Both types of evidence are limited in spatial and temporal scale and not all are available or useful in every case. Proxy data from biological evidence are typically less available at fine spatial and temporal scales, such as the decadal to centennial time frame emphasized here, in semiarid systems such as the Great Basin (Egan and Howell 2001; Morris 2008a) .
Although there are local exceptions (Mensing et al. 2006 ) and new developments (Morris et al. 2010) , our understanding of presettlement conditions in the Great Basin often relies heavily upon cultural evidence with some biological assessments based on dendrochronology, relic areas, or chronosequences (space-for-time substitution), all of which are imperfect accounts and have to be interpreted with caution Walker et al. 2010) . For example, journal entries can be contradictory (Morris 2008b) or the timing of photographs may reflect a landscape after decades of intense resource exploitation (Creque et al. 1999 ). However, cultural evidence can provide a rich source of information regarding historical conditions when multiple sources (travelers' journals, photographs, oral histories, surveyor notes, and management records) provide insights that overlap in space and time (Morris 2008a ). Additional caution is required because there are multiple overlapping disturbances simultaneously occurring with climate change Rowe 2007) . For example, interpreting vegetation change in this time period is further complicated by the coincidental arrival of European settlement in the Great Basin with the end of the Little Ice Age (approximately 1350-1850), a generally cooler and wetter period; making it difficult to separate a changing climate from the onset of postsettlement anthropogenic disturbances . Therefore evidence in this time frame requires careful interpretation and, when possible, a combination of sources to strengthen inference.
POSTSETTLEMENT VEGETATION CHANGE IN THE GREAT BASIN
The Great Basin (Fig. 2 ) is characterized as a cold desert because precipitation arrives primarily in winter as snow followed by hot, dry summers (MacMahon 1979) . Topographically, the region includes a series of mostly north-southtrending mountain ranges separated by wide valleys. Alpine zones and subalpine forests occupy the higher elevations of the mountain ranges but forests make up a small percentage of the vegetation cover in the Great Basin. Instead, the most prevalent vegetation cover types line the lower elevations of these mountain ranges and span across the intervening valley bottoms including sagebrush, salt-desert shrublands, and woodlands (Wisdom et al. 2005) . It is in these lower-elevation valley and hillside community types where some of the most drastic vegetation shifts have taken place over the last 100 years .
Unlike the comprehensive summaries of vegetation and faunal changes through the Pleistocene and Holocene (Trimble 1999; Grayson 2011) , there are no basin-wide surveys of postsettlement transformations (but see Rogers 1982) . Still, there are several broad categories of postsettlement vegetation change that have been repeatedly documented across the Great Basin. First, there has been an overall decrease in native bunch grasses and forbs accompanied by an increase in introduced perennial and annual invasive grasses (Rogers 1982; . Second, the loss of native herbaceous species was accompanied by an increase in woody shrub cover, particularly sagebrush species (Fig. 3; Rogers 1982; . Increased sagebrush dominance in the early to mid 20th century has been followed by losses of sagebrush habitats over the last 2 decades due to fire and subsequent conversion to annual grass dominance by cheatgrass (Bromus tectorum- Wisdom et al. 2005) . Finally, there has been a widespread expansion down slope and infilling (increasing density) of western juniper woodlands and pinyon-juniper woodlands (Fig. 4; Miller and Wigand 1994; Miller et al. 2008; Romme et al. 2009 ). As cover and density of woodlands increases, these tree species can effectively exclude understory herbaceous vegetation and sagebrush (Cottam and Stewart 1940; Gedney et al. 1999 ). There is a great deal of variability in the starting time, rate, and amount that these woodlands have expanded in the Great Basin, with estimates ranging from 150% (Miller et al. 2008 ) to over 600% (Gedney et al. 1999) . It is important to note that land-use histories are unique at varying spatial scales and land-use effects can be variable across the landscape based upon differences in climate and soil types; therefore, regional trends about vegetation and habitat alteration must be validated at the local scale using local data (Romme et al. 2009 ).
HISTORICAL LAND USES IN THE GREAT BASIN
In addition to a changing climate, multiple and often overlapping post-settlement land uses have contributed to these categorical vegetation changes in the Great Basin, with both direct and indirect effects upon habitat. Livestock grazing, mining, homesteading, and range improvements represent some of the most widespread of human influences on the land, and are summarized below. We limit ourselves to these but recognize a range of specific land uses that have had significant local effects including military activities, transportation corridors, power and communication transmission lines, and recreational uses.
Livestock grazing.-The impact of livestock grazing, particularly cattle and sheep, on native plant communities throughout the Intermountain West and the Great Basin is well studied and summarized (Wagner 1978; Vavra et al. 1994 ; Young and Sparks 2002). Some contend that livestock grazing accounts for up to 98% of sagebrush steppe ecosystem degradation in the Great Basin (Noss et al. 1995) . Although the affects of overgrazing by livestock are indisputable, there is often little distinction made between the legacy impacts from unregulated grazing in the late 19th and early 20th century and livestock production today (Borman 2005) . It can be difficult to conceptualize the impact of unregulated grazing but stocking numbers and early reports offer some illustration. By 1895, the 11 western states in the United States had nearly 20 million sheep (Wagner 1978) . Density of sheep in the northern Great Basin was estimated at 450 animals per square mile (Griffiths 1902) . By 1918, there were reportedly 8 million sheep just in the National Forests, declining to 2.5 million by 1960 (Wagner 1978) . Cattle numbers during the same time period in the 11 western states increased from 3 million in 1870 to 23.5 million by 1975 (Wagner 1978) . The impact of early unregulated grazing on the native vegetation was unprecedented, swift, and devastating (West 1983; Young and Sparks 2002) . Livestock grazing remained unregulated until passage of the Taylor Grazing Act in 1934 (Holechek et al. 2004) . By 1936, up to 57.5% of all western rangelands were considered severely depleted with only 16% in reasonably good condition (United States Senate 1936) . The principles of livestock management today include appropriate stocking rates, type of animal, duration, and season of use (Holechek et al. 2004) . In contrast to the rapid degradation by unregulated livestock grazing, the introduction of management does not generally result in rapid recovery to pregrazing conditions (Robertson 1971; Wagner 1978; West 1983) .
Livestock grazing has contributed to overall trends in postsettlement vegetation change. It is well documented that cattle grazing during the growing season has the direct effect of reducing native grasses, changing the composition of forbs, and shifting vegetation communities toward shrub dominance Austin and Urness 1998; Borman 2005; Beever et al. 2008) . Unregulated cattle grazing also may have facilitated the expansion and infilling of woodlands by reducing competition from grasses and herbaceous species on tree seedlings (Cottam and Stewart 1940) and by providing more safe sites under shrubs for establishment (Miller and Wigand 1994) . Most research on livestock grazing has centered upon the effects of cattle and sheep. Although the role of grazing by feral horses is less studied, recent research shows feral horses have contributed to current landscape conditions including increased frequency of cheatgrass at horse-occupied sites (Beever et al. 2008) .
Changes in livestock management over the last century have had contradictory impacts on habitat quality for wildlife depending upon the species or species group under consideration. For example, the negative effects of livestock on small mammal abundance and diversity have been well documented (Jones 2000 ; see also Rowe and Terry 2014) , and decreased stocking rates of cattle on public lands has been credited with recovery of vegetation and habitat for many mesic-adapted small mammals (Rowe 2007) . However, lower cattle-stocking rates also have been proposed as a driver of winter habitat decline for big game species (Austin and Urness 1998). Changes in grazing management promoted an increase in shrub cover over time due to a combination of reduction in sheep numbers, releasing pressure on shrubs as browse, and an increase in cattle grazing favoring shrub recruitment (Gruell 1986 ). Because deer compete more directly for forage with sheep than with cattle (Gruell 1986) , the shift to shrub dominance promoted an increase in browse, a favorable habitat for mule deer (Odocoileus hemionus-Gruell 1986; Austin and Urness 1998). This dynamic was credited for the peak in mule deer herds in the 1950s (West 1983; Gruell 1986; Berger and Wehausen 1991) . These herds have subsequently declined and some have pointed to the reduction or removal of cattle grazing as the cause of deterioration in deer winter-range habitat (Berger and Wehausen 1991; Austin and Urness 1998) .
The impacts of livestock grazing on large native herbivores also had subsequent indirect effects on predator densities and distributions. Most notably, expansion of deer habitat was accompanied by expansion in the range and density of mountain lions (Puma concolor-Berger and Wehausen 1991; Sweitzer et al. 1997) . As deer populations declined, mountain lions switched to other native herbivores for prey, causing precipitous declines that would have otherwise not been likely (Berger and Wehausen 1991) . For example, mountain lions reportedly now prey on bighorn sheep (Ovis canadensis) in the Great Basin where presettlement populations would have experienced very little predation, except by humans (Berger and Wehausen 1991) . The spread of mountain lions in connection to mule deer also has been tied with predation to near extinction of porcupines (Erethizon dorsatum- Sweitzer et al. 1997 ). More work is needed to understand how the direct and indirect effects of historical livestock grazing may cascade through predator-prey relationships at local and regional scales.
Livestock grazing also has had other indirect and synergistic effects upon habitat in the Great Basin with subsequent impacts on mammalian communities. Perhaps one of the best known and most studied of these is the connection between the spread of the invasive cheatgrass with ensuing habitat loss through fire. Although cheatgrass introduction was an indirect effect of cultivation (see below), livestock grazing aided in its spread through soil disturbance and reduced competition from native herbaceous vegetation (Mack 1981) . Cheatgrass is a winter annual that can germinate and survive cold temperatures in late winter and early spring, and thus outcompete native perennials for moisture and soil nutrients. Cheatgrass produces seed, completes its life cycle, and is dry by May-June (Wisdom et al. 2005; Chambers et al. 2007) . By early summer, it serves as a fast-burning fine fuel for wildfires, and has altered natural fire regimes, particularly in sagebrush and salt-desert shrub ecosystems (Wisdom et al. 2005; Chambers et al. 2007) . Nearly all of the Great Basin is considered susceptible to native vegetation displacement by cheatgrass, mostly in sagebrush and salt-desert shrub cover types (Suring et al. 2005) . As woodland infilling continues in the Great Basin, there is concern that stand-replacing crown fires will replace woodlands with annual-dominated grass communities, as has occurred in the shrublands (Tausch 1999) . The conversion from native shrubland vegetation to cheatgrass is known to alter the diversity, evenness, and structure of small mammal communities (Ostoja and Schupp 2009; Terry 2010) . Negative feedbacks on native plant communities also need to be considered because granivores are diverse in this region (Kelt et al. 1996) and play a keystone role in structuring plant communities through selective foraging and dispersal of seeds (Brown and Heske 1990) .
Mining.-The early history of the mining industry in the Great Basin was fueled by wood. If not burned to heat furnaces, create charcoal, or generate electricity, wood was used to support mine shafts and erect structures (Young and Budy 1979) . Because access to large timber resources was limited, reliance often shifted to the wide belts of pinyonjuniper woodlands (Young and Budy 1979) . The demand for fuel wood grew so great that woodcutters for the mines expanded their harvests in ever increasing circles around the most famous mines in the northern and central Great Basin, such as the Comstock and Eureka (Young and Budy 1979) . Sometimes, the need for fuel in Nevada became so desperate that even sagebrush were ''corded'' and burned by the mines (Young and Budy 1979) . Harvesting pinyon-juniper woodlands for fuel extended into the eastern Great Basin in Tintic Valley, Utah (Creque et al. 1999) , and into the southern Great Basin in the Delamar Mountains of Nevada. The Tintic Mining District was estimated to have used 132,500 cords of wood over 2 decades of ore processing (Creque et al. 1999) . The Delamar Nevada Gold Mining Company employed woodcutters beginning in 1894 with contracts for up to 10,000 cords of wood (Lanner 1981; Ferris 1991) . In 1897, at full capacity, the mills burned 31 cords of wood per day and the company had a woodlot with a 4,000-cord capacity ( Fig. 5; Ferris 1991). By 1902, newspapers reported that wood was ''getting to be a luxury, all the hills for miles having been spoiled of their pines and cedars'' (Ferris pp. 253, 1991) .
Reports of deforestation associated with mining are impressive but difficult to interpret. The Eureka mills were estimated to need 1,619-2,230 ha of woodland annually (Young and Budy 1979) and deforestation of pinyon-juniper woodlands was projected to extend from the town in a 50-mile radius (Lanner 1981) . However, some argue that an area this size being completely denuded of woodland is not realistic given the patchiness of vegetation types and the topography of the region (Ko et al. 2011) . Instead, a model of wood use in the region suggests that harvest patterns extended northward following railroad corridors (Ko et al. 2011) . Two decades of use in the Tintic Mining District was estimated to have consumed 4,469-53,620 ha of woodland (Creque et al. 1999) . Based on averages of pinyon-juniper yields per acre in Nevada (6.5 cords/acre- Born et al. 1992) , up to 704 ha annually may have been used to fuel the mill at Delamar. Multiplied out over the approximately 7 years (1895-1902) before conversion to coal, fuel-wood consumption could have used up to 4,932 ha of pinyon-juniper woodland in the surrounding area. These estimates are said to be conservative because they do not include other industrial uses, home heating and cooking, or building homes and other structures (Young and Budy 1979; Creque et al. 1999) . However, it is important to note that estimates based on current average yields of woodlands can be misinterpreted. In addition, fuel-wood harvests would not have taken every tree, because some were considered too small to be worthwhile, and whole stands could have been avoided because they were not economically feasible or accessible (Ko et al. 2011) . Still, cutting has been documented on slopes as steep as 368 and harvest evidence and models show a close relationship to mining production rates and proximity to mining districts and railroads (Ko et al. 2011) .
Although this land use was prevalent and the history is fairly well documented, its influence on the current distribution of woodlands is not well understood (Ko et al. 2011 ). We are unaware of studies concerning how such clearing may have impacted mammal populations in the Great Basin. However, there is evidence suggesting that mammals may have been sensitive to woodland cutting. For example, comparisons of cut to uncut western juniper (Juniperus occidentalis) indicate greater total abundance of small mammals in the cut sites, whereas old-growth sites had greater species diversity (Willis and Miller 1999) . Another study suggested that large-scale cutting of pinyon and juniper for mining (especially if accompanied by fire ignition) could have provided the disturbance necessary to rejuvenate forage and cover for deer, by reducing competition from woodland species (Gruell 1986) . Despite this historical land use, woodlands have been changing their range and density. Dendrochronology indicates that regardless of whether or not stands are postsettlement (establishment only after 1860) or mixed age (with trees established prior to 1860), woodlands share a common pulse of expansion between 1900 and 1950 (Miller et al. 2008) . The expansion and infilling of pinyon-juniper woodlands has been linked to the range expansion of the pinyon mouse (Peromyscus truei) and concurrent range contraction of shrubland specialists such as the Great Basin pocket mouse (Perognathus parvus), least chipmunk (Neotamias minimus), and pygmy rabbit (Brachylagus idahoensis-Larrucea and Brussard 2008; Rowe et al. 2010) .
Homesteading.-The land-use legacies of homesteading are often forgotten because the material evidence (e.g., houses and corrals) of this land use has been disappearing over time (Morris 2011) . In 1862, the Homestead Act allowed for acquisition of up to 160 acres of federal land. Along with age and citizenship requirements, legal acquisition of the land was designed to show that the applicant intended to live on the claim and would add value to it through infrastructure investment in fencing, water development, permanent structures, and cultivation (Gates 1968) . Therefore, several land uses accompanied the spread of settlement into the Great Basin including cultivation, fencing, and other domestic wood uses.
Cultivation, alongside livestock grazing, was a primary land use during the late 19th and early 20th century. Although the Homestead Act required proof of cultivation, it was the Enlarged Homestead Act of 1909 that required cultivation of a specified acreage within a specified time frame in order to gain patent (Peffer 1972) . Under this new law, 20 acres had to be under cultivation by the 2nd year and 40 acres continuously under cultivation from the 3rd year to the final year (Peffer 1972 ). This new requirement was a product of the popularity and promotion of dry farming (crop production without irrigation) of wheat and other cereal grains on arid lands of the West (Gates 1968; Peffer 1972) . Patents were filed on over 18 million acres of land in the 1st year of its passage, the highest amount in 1 year for any homestead legislation (Gates 1968; Peffer 1972 ). This legislation, therefore, had a major influence on the spread of cultivation into the arid West. In addition to cultivation for cereal grains, hay production expanded rapidly in the late 19th century in the Great Basin with the growing livestock industry meeting the demand from mining operations (Young and Sparks 2002) . In Nevada, for example, hay production climbed from 65,900 tons in 1873 to 618,000 tons by 1900 (Young and Sparks 2002) .
Cultivation represents one of the most severe disturbances in sagebrush ecosystems (Beedlow et al. 1988 ) because it involves several novel disturbances such as plowing, fertilization, and irrigation (Morris 2012a) . In addition to complete modification of the plant community type, these practices are outside of the magnitude and frequency of natural disturbance regimes and can result in modification of the ecosystem and irreversible alteration to ecological processes (Morris 2012a) . Cultivation legacies have received little scrutiny in the Great Basin even though almost a half million hectares of shrubland were converted to crop production in the early 20th century and then abandoned 2 decades later ). For example, only 2 long-term studies from this region have contrasted vegetation between old fields and adjacent noncultivated land (Elmore et al. 2006; Morris et al. 2011) . When comparing old fields, where secondary succession proceeded for 80-90 years after cultivation ceased, to nearby or adjacent noncultivated land, these studies found lower cover and abundance of native forbs, Wyoming big sagebrush (Artemisia tridentata ssp. wyomingensis), and native grasses, with the exception of bottlebrush squirreltail (Elymus elymoides), on the previously cultivated lands (Elmore et al. 2006; Morris et al. 2011) . The spread of cultivation was responsible for the introduction and spread of invasive plant species. In fact, cheatgrass, a contaminant in widely used winter-wheat seed, got its name from ''cheating'' farmers out of their desired crop (Mack 1981) . In some places, old fields remain dominated by this invasive annual grass for decades (Elmore et al. 2006) . These changes are often still visible in aerial photos for nearly a century after cultivation ceases .
For many of the shrubland valleys in the Great Basin, junipers from surrounding woodlands were typically used for fencing a homestead. Fencing wood use has been examined in only a few studies. In a study of 26 homesteads in southern Idaho, the homestead records reported that the settlers built some 86 miles of fence (Morris 2008a) . Calculations based upon the distance between posts described in the records indicate about 16,500 posts were used to accomplish this task (Morris 2008a) . These estimates were for wire fencing, but another popular way of fencing homesteads was the ''bull fence'' constructed entirely of wood. To fence just 1 ranch in this fashion would require an estimated 158,500 juniper posts (Creque et al. 1999) . Not every tree was desirable for fencing and stands would not have been clear-cut, only trees that would make a good fence post, typically 7 feet tall and at least 4 inches in diameter, would be taken (Morris 2006) . In addition to the wood used for fencing, homesteading took place in remote areas where coal, oil, or gas was not available for heating and cooking until after World War II. Therefore, wood also was cut and used for domestic fuel purposes. Creque et al. (1999) estimated wood use for domestic fuel in Tintic Valley, Utah, from 1870 to 1900 totaled 74,000 cords, potentially representing 29,960 ha of harvested woodland. Domestic wood uses may have slowed the expansion and infilling of woodlands. For example, although expansion of western juniper began in the late 19th century in eastern Oregon, the rate accelerated after 1950 ), a time when alternative materials for fencing and fuel became available.
There have been no long-term studies assessing the legacy of crop or hay cultivation, fence-post cutting, or domestic wood use on habitat associations or connectivity for mammals in the Great Basin. In the short-term, conversion to crops has been shown to attract and concentrate jackrabbits over native shrublands (Fagerstone et al. 1980 ). In the Columbia Basin, native sagebrush habitats adjacent to abandoned old fields had 3 times the total number of small mammals . Movement and dispersal within and between patches of suitable habitat to find food, shelter, and mates is important to facilitate gene flow and can serve critical ecosystem functions through seed dispersal and nutrient cycling (e.g., Fahrig 2003) . The long-term effect of fragmentation and land-cover conversion from crop production has been studied for sagebrush avifauna (e.g., Knick and Rottenberry 1997) , but studies for mammals in the Great Basin appear limited and highlight the impact of fences as barriers instead of the change in vegetation from wood use (see Yoakum 1979; O'Gara and Yoakum 2004) . Although the influence of area and isolation have long been appreciated in structuring region-wide patterns of biodiversity in the Great Basin (e.g., Brown 1971; Riddle et al. 2014 ), emphasis has not yet been placed on how land-usedriven changes in the area and connectivity of suitable habitats has impacted biodiversity at finer spatial scales in the more recent past. Given the widespread popularity of historical cultivation within the Great Basin, its tendency to leave legacies in native plant communities that last nearly a century, and the historical poisoning of small mammals to maintain these fields, more work is needed to assess these legacy effects on mammals.
Range improvements.-Following decades of degradation from unregulated grazing, cultivation, and then a severe drought, the United States government launched a period of range improvement across the West and in the Great Basin starting in the late 1930s. Under federally funded projects, the Civilian Conservation Corps initiated a number of programs aimed at promoting livestock use that included fences for grazing allotments, requiring additional juniper posts ( Fig. 6 ; Kolvet and Ford 2006) . The Civilian Conservation Corps also worked on water developments, rehabilitation seeding, and herbicide and pesticide application (Kolvet and Ford 2006) . After World War II, the United States invested further into research on livestock production on public lands, mainly cattle for beef (Young et al. 1981; Holechek et al. 2004) .
Seeding as a range improvement began with the intention to revegetate abandoned cropland, stabilize soil erosion, increase forage production to support livestock, and control invasive species (Vale 1974; Young and McKenzie 1982; Monsen and MacArthur 1995) . Early approaches to range-improvement seeding involved complete removal of sagebrush through plowing, burning, or herbicide application (Johnson et al. 1996) , and planting a monoculture of exotic forage grass species (West 1983) . One very successful exotic perennial grass, crested wheatgrass (Agropyron cristatum and other introduced Agropyron species), was the most widely planted in rangeland seedings (Young and McKenzie 1982; Pellant and Lysne 2005) . There was a push for rangeland seeding in saltdesert shrublands in the 1950s with federal funding and research aimed at control of halogeton (Halogeton glomeratus), an invasive annual forb that was poisonous to sheep (Young et al. 1999) . Controversy grew in the 1970s about conversion of public lands for forage production and the practice of creating large-scale monocultures began to decline as these improvements took on a new purpose, improving wildlife habitat (West 1983) . The ''modern treatments'' apply smaller-size seedings that mimic natural disturbance by creating a ''mosaic of vegetation states'' (Davies et al. 2009; Wilson et al. 2011:393) . It is difficult to ascertain exactly how many hectares were seeded within the Great Basin; however, approximately 2 million ha in the western United States have been seeded with crested wheatgrass (Pellant and Lysne 2005) .
In many ways the impacts of sagebrush removal and seeding treatments on mammals remain unclear (Wilson et al. 2011) . Part of the difficulty comes from separating the treatment effects on small mammals from the natural oscillations in their populations, requiring close comparisons over time (McAdoo et al. 2006) . Also, sagebrush-obligate wildlife species need and prefer a variety of sagebrush densities over different seasons, making it difficult to outline how treatments affect one group or another (McAdoo et al. 1987; Davies et al. 2009; Wilson et al. 2011) . General statements about how these treatments affected habitat for mammals in the Great Basin are further limited by the lack of research, as well as variation in treatment methods, treatment ''success'' (Gottfried and Severson 1994) , and in posttreatment management (e.g., livestock grazing- Severson 1986) . There are no studies examining how these historical reseeding treatments affect wildlife over the long term in the Great Basin. Since the early 1980s, there has been a call to change treatments from large-scale, continuous blocks to a mosaic of treatments under the belief that the distribution and pattern of vegetation is more important than its quantity (Holechek 1981) . However, the distribution and impacts of these patterns over time remains one of the most understudied aspects of this land use. Concerns over recent losses of sagebrush-dominated habitat in the Great Basin has brought sagebrush-thinning treatments into closer scrutiny and will require even more research regarding short-and long-term effects on summer and winter habitat for different wildlife species (Davies et al. 2009) .
Most of what is known about the effects of rangeland seeding on mammals comes from studies conducted 3-5 years posttreatment, many of which focus on lagomorphs (McAddo et al. 1987) . Use by jackrabbits varies inversely with size of the seeding, increases with season length and decreases with age of the seeding (McAdoo et al. 1987) . Larger seedings tended to have more use along the edges with adjacent sagebrush cover (McAdoo et al. 1987) . Abundance of white-tailed jackrabbits (Lepus townsendii) has reportedly declined since settlement, whereas black-tailed jackrabbits (L. californicus) may have increased; this shift may be due to changing habitat because black-tails rely less on grasses and forbs except in early spring (McAdoo and Young 1980) . However, black-tailed jackrabbits also have been found to prefer crested wheatgrass and other cultivated areas, especially when adjacent to native rangelands (Fagerstone et al. 1980) . Pygmy rabbits (B. idahoensis) prefer very dense sagebrush and populations living nearest to the treatments avoided using them, perhaps in response to the lack of cover to avoid predation (Pierce et al. 2011; Wilson et al. 2011) . Given the attraction of rabbits and rodents to newly seeded areas, traditional methods for seeding also included control measures such as poisoning with strychnine-laced hay, poisoned grain, or poisoned lettuce and cabbages (Plummer et al. 1968) . For other mammals, conversion to forage grasses has shown varied effects on the density and activity that can differ with both the species of wheatgrass planted and species of mammal studied (Reynolds and Trost 1980; Smith and Urness 1984; Koehler and Anderson 1991) . Evidence also is contradictory for larger mammals, with both positive and detrimental effects on pronghorn (Antilocapra americana) recorded (Wagner 1978; Yoakum 1979) . There also are concerns that sagebrush thinning for seeding can have a negative effect for up to 20 years on wildlife that use sagebrush as winter habitat (Davies et al. 2009 ).
The extensive program to improve rangelands by reducing sagebrush and planting forage grasses also employed herbicides and, by the 1950s, millions of hectares of sagebrush shrublands were sprayed with 2,4-dichlorophenoxyacetic acid (2,4-D- Young et al. 1981 ). This and other herbicides used to kill sagebrush in historical range improvements became a concern to managers and the public for the effects they may have on wildlife and human health (Vale 1974; West 1983 ), but they also may have contributed to long-term vegetation change. In addition to the impact of unregulated livestock grazing on native forbs, herbicides like 2,4-D also damaged important forb forage species while not affecting the leastdesirable or poisonous forage species (Blaisdell and Mueggler 1956) . Therefore, the broad-spectrum effects of this herbicide make it difficult to separate its use from the legacies of livestock grazing but, in either case, the decrease in forbs can have an effect on wildlife habitat. The effectiveness of this herbicide at destroying forbs was seen as a positive aspect for rodent control on new seedings where sagebrush had been treated with herbicide. Pocket gophers were unwanted in forage seedings because their burrowing activity disrupted the soil; spraying 2,4-D was found to be an effective way of controlling them by destroying their food source (Hull 1971) .
Rangeland improvements eventually expanded to the removal of woodlands with an emphasis on creating more forage production (Gottfried and Severson 1994) . These early treatments were largely carried out through ''chaining'' the woodland, a practice that involved dragging an anchor chain between 2 tractors and pulling down the trees (Baker and Frischknecht 1973) . They were also burned, cut, plowed, and sprayed with herbicide (Miller and Wigand 1994) . As with sagebrush treatments, woodland management began to change in the 1970s with more emphasis on smaller and dispersed clearings to create a more-diverse landscape that was intended to favor more wildlife species (Gottfried and Severson 1994 ). This strategy was based upon the desire to maintain a range of seral stages for wildlife, especially game animals such as deer and elk (Cervus elaphus- Gottfried and Severson 1994) . However, research has not considered those species dependent upon the woodland interior and there has been some concern that the strategy focused on a diverse landscape may lead to habitat fragmentation for obligate taxa (Gottfried and Severson 1994) . The short-term impacts of chaining woodlands on ungulates, lagomorphs, and small mammals have been studied to some extent starting in the 1970s, mostly within 3-5 years posttreatment (Baker and Frischknecht 1973) . These studies suggested there could be an increase in small mammal populations immediately after treatment, with eventual declines (Baker and Frischknecht 1973) . Even then, researchers were calling for long-term studies (Sedgwick and Ryder 1987) .
Although vegetation change has been a constant in the Great Basin, the alterations since European settlement have been more rapid than anything seen in the past 10,000 years. In addition to a changing climate, these transformations are related to numerous factors that overlap and interact synergistically upon the landscape, making it difficult to pinpoint one primary cause of change. These factors include widespread human land uses such as livestock grazing, mining, homesteading, and range improvements summarized here. Some historical land uses retain physical and identifiable evidence of use and the effects are still apparent on the landscape today-others may go unnoticed but still have lasting impacts. It is important for wildlife ecologists to have a comprehensive understanding of the factors shaping present-day communities because the history of changes in land cover can have local-and regional-scale impacts on animal populations, affecting habitat suitability, habitat connectivity, and subsequent cascading changes in predator-prey dynamics. In addition, the use of modern-day conditions to inform conservation and management requires consideration of shifting baselines over time. This overview of how historical land uses since European settlement in the Great Basin have altered natural plant communities, and subsequently mammal habitats, is intended to stimulate interdisciplinary efforts to better understand wildlife-habitat associations past, present, and future. Effective research and management in Great Basin shrublands will require integrated efforts that combine historical ecology with wildlife ecology and management to address current knowledge gaps. Primary among these are incomplete understanding of the scale at which past land uses have modified shrublands, incomplete understanding of how past management practices have impacted wildlife over the long term, incomplete understanding of how the spatial patterning of historical land use has impacted species and communities, and incomplete understanding of how past land uses impact resiliency of presentday plant and animal communities in the face of continuing environmental change.
Current research regarding how cover-type conversions affect mammal populations, such as from sagebrush shrubland to cheatgrass monotypes following fire, does not include additional underlying land uses such as cultivation. Fortunately, documenting and examining some of these historical land uses is becoming easier with the growth of digital archives and databases (United States Geological Survey 2010; Morris 2012b ). In addition, there is continued need for modern-day experimental and observational comparisons as well as repeated surveys to assess long-term changes in animal use and demographics after rangeimprovement treatments. Collaborative studies that address history's influence on wildlife-habitat associations will only become more important as we face ever-shifting land-use priorities (e.g., energy, water, and urban development) and uncertainty accompanying a changing climate. With such a high percentage of this ecoregion being federally managed public land, the need for science-based management is paramount. There is both great opportunity and great need for historical ecologists, wildlife ecologists, and managers to work together across disciplinary boundaries to classify vegetation changes in the Great Basin based on historical land uses and their impacts on biodiversity from local to regional scales.
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